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NON-CARRIER RADIO TELEPHONE TRANSMISSION
I. INTRODUCTION
1. Nature of the Problem.-While investigating the relative merits
of a number of radio telephone transmitting systems the authors of
this bulletin became interested in a radical improvement in trans-
mitting methods. All of the standard transmitters, past or present,
suitable for present-day receiving sets send out a carrier wave of
inaudibly high radio frequency modulated in intensity or amplitude
at speech or audio-frequency by the microphone of the transmitting
station.
If the amplitude of the carrier wave is varied as much as 100 per
cent above and below normal value, transmission should be at a
maximum; but it is found that "distortion" results, making reception
unsatisfactory, and that it is therefore best to restrict the modulation
to about 65 per cent. Transmitters of good design use from this
value down to much lower values. When less than 100 per cent
modulation is used there is a loss of efficiency, the oscillator or power
amplifier tubes are unduly heated, and the available energy is
reduced. Satisfactory reception, however, cannot be obtained with
100 per cent modulation.
It would be interesting to study a typical conversation in such
a manner as to determine the actual time consumed in sound emission
as percentage of the time elapsed during an average conversation.
The percentage would not be greater than from 30 to 40 in all prob-
ability. The volume of sound also fluctuates between maximum and
zero, and the average volume is probably 25 or 30 per cent of the maxi-
mum. In order to reduce these various energy losses and to obtain other
advantages the authors have developed a method of sending out the
radio frequency waves only while voice or music tones are being trans-
mitted. There is thus no "carrier wave" in the sense of a wave con-
stantly on the air, although there is a radio frequency wave only while
modulation is required for transmission. It is therefore advisable
to drop the term "carrier wave" in order clearly to distinguish this
method from the carrier and band methods hitherto exploited. If
all of the useless energy radiated during moments of silence and the
surplus above the amount needed could be saved, the condition of
transmission and reception would be altered to good advantage.
A simple illustration may help in understanding the underlying
principles. A continuously sounding horn cannot carry any message
other than one of activity of the horn; but if the horn is blown in-
termittently, or is modulated with varying force or pitch, a message
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can be spelled out. It is evident that intermittent blowing will require
less sending energy and be fully as intelligible as the modulation
method superposed upon continuous blowing, for the same distance
covered. A similar problem is encountered in radio communication.
If the energy used up in the continuously radiated wave could be
eliminated greater efficiency of transmission would result, and it is
probable that the heterodyne tone between carrier waves, most disturb-
ing when not modulated, would be eliminated. There is an additional
advantage in the reduction of the volume of strays or static. A con-
siderable portion of static seems to be inherent in the carrier wave.
It is probable that all or part of the static which is tuned in with
the carrier wave is merely an audio-frequency modulation of the
carrier caused by natural electrical phenomena. Elimination of this
volume of static would be of great benefit to reception. Another
important advantage in the elimination of the unmodulated wave
would be the economy and simplicity of a simultaneous communication
system, wherein the operator can listen for a reply while his own
transmitter is inactive and therefore not paralyzing his detector.
At present this can be accomplished only with the aid of complicated
balance circuits using two antennae.
Radio engineers up to the present time have regarded the conven-
tional transmission system, wherein the carrier wave is merely
modulated in intensity when sound occurs, as the only feasible method
for ordinary short wave communication and for radio broadcasting.
The authors take exception to this view and feel confident that the
present method is uneconomical and imperfect, and that it will in the
course of time become obsolete. This bulletin describes fundamental
principles and experiments which it is hoped will point the way to a
newer and better method than that in use at the present time.
2. Acknowledgments.-The authors are deeply indebted to Pro-
fessors E. B. PAINE, MORGAN BROOKS, A. P. CARMAN, and J. T. TYKO-
CINER, of the University of Illinois, for their interest in the work and
for their helpful criticisms and suggestions.
II. FUNDAMENTAL PRINCIPLES
3. Elimination of the Carrier Wave.-It seemed that it might
be possible to start electro-magnetic waves as a sound started in
order to eliminate the normal carrier component entirely. Suppose
a sine wave of sound as represented in Fig. la should originate in
front of the transmitting microphone. If an e.m.f. is generated in
the secondary of a speech transformer whose primary is in circuit
with the microphone and a battery, this e.m.f. will have the same
wave shape. Suppose this wave to be amplified until it provides a
source of power to excite an oscillation generator with an audio-fre-
NON-CARRIER RADIO TELEPHONE TRANSMISSION
quency supply e.m.f., and the oscillator to be one which has a linear
relation between supply voltage and output current, and capable of
functioning on either the positive or negative portions of the supply
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FIG. 1. THEORETICAL NON-CARRIER MODULATION
e.m.f.wave; then the wave of the high frequency output current will
be as shown in Fig. lb. Let o = 27r f where f is the frequency of the
oscillating output current and let p = 2 7 fa, where fa = assumed
audio-frequency. Let io represent the radio frequency current whose
maximum value is o1. Then
io = Io sin wt sin pt
where sin pt is a modulating factor due to the audio-frequency supply
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at any instant. The current io will suffer a reversal of phase at the
instant of zero amplitude (points 1, 2, 3, etc., Fig. lb.). This results
because for values of pt between vr and 2 7r the sign of sin pt is negative.
This probably has little effect upon the average value.
io =ý (1/2 sin wt sin pt + 1/2 sin ot sin pt)
Adding and subtracting 1/2 cos wt cos pt
io = Io (1/2 sin Ot sin pt + 1/2 cos t cos pt + 1/2 sin ot
sin pt - 1/2 cos wt cos pt)
= (cos (o - p)t cos ( + p)t) .................. (1)
2
The equation for a conventional modulated carrier wave has been
given by various writers* as
io = I0 sin wot (1 + K sin pt)
where K represents the degree of modulation. This becomes
i. = Io sin wt + K Lo cos (w p)t2
+ K A- cos (o- p)t ........................ (2)
2
Comparing equation (1) with (2) it will be noted that in the former
the term I0 sin w t is not present. This term is the carrier component
and is entirely absent as it is in the case of the suppressed carrier
transmission system.t
It will be realized that the modulation of the maximum amplitude
is obtained by a "heterodyne" or beat combination
cos (W + p)t + cos (o0 - p)t
that is, the modulated sine wave of I o is obtained by adding two cosine
waves of frequencies differing by 2 fa. The instantaneous power output
is
io0 Ro = I, sin
2 Wt sin 2 pt R,
where Ro is the effective resistance of the transmitting circuit. In-
tegrating over the radio frequency cycle f,
Average power = J lo 2 sin2 ct d (ct) sin 2 pt RB
Ro Jo2 sin 2 pt
* Heising, Proc. I. R. E., Vol. 9, No. 4.
t Hartley, Proc. I. R. E., Vol. 11, No. 1.
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Integrating over the audio-frequency cycle fa
Ro I 2 f27
Average power =- oR f sin 2 pt d (pt)
S2 Ro
or Average power -
4
where Io is the maximum amplitude of the radio frequency current
io at the instant of maximum impressed audio-frequency e.m.f. (see
Fig. lb.).
Suppression of the carrier frequency has been tried quite exten-
sively, but in a different manner. The carrier component has been
filtered out of the output of a master oscillator, or neutralized, and
one or two of the side bands amplified and transmitted. The most
extensive experiment in transmission of recent date was that carried
out by the Western Electric Company from New York to London.
In this test only one side band was transmitted but the carrier had
to be supplied at the receiver end. It has been claimed* that if both
side bands are transmitted they may get out of proper phase relation
with each other when they reach the receiving station and cause dis-
tortion, even though the carrier component be supplied by a low power
oscillator at the receiving end. The investigations of the Western
Electric Company showed that good speech transmission can be ac-
complished with only one side band and the carrier supplied at the
receiver, but it is not stated whether or not distortion was experienced
due to change in phase relation when using both side bands for
transmission and no carrier.
Examination of Fig. 1 will show that if the currents in a receiving
antenna tuned to the radio frequency were rectified, the result would
be a double frequency average telephone current having a wave
shape approximating the envelope of the upper half of Fig. 1, depend-
ing more or less upon the characteristics of the detector.
III. THE EXCITING HALF-WAVE SYSTEM
4. Explanation.-Transmitting apparatus was connected as pre-
viously suggested and reception was accomplished with a laboratory
receiver. There was, however, severe distortion, due to the resulting
double frequency, as indicated in Fig. 1. The transmitter was modified
so that the oscillator functioned only on one-half of the speech fre-
quency supply voltage. For this reason the method will be referred
* Heising, Proc. I. R. E., Vol. 9, No. 4.
Hartley, Proc. I. R. E., Vol. 11. No. 1.
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FIG 2. ELEMENTARY LABORATORY TEST APPARATUS
This shows an elementary form of a non-carrier system. Practically no
energy is radiated during silent intervals. A considerable saving of power is made
as compared with continuously radiating systems. For characteristics of this
system see Fig. 8.
Detec/or
Cko'rac/er/syyc
FIG. 3. THEORETICAL NON-CARRIER WAVE FORMS
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to as the "Exciting Half-Wave System." The diagram of connections
is shown in Fig. 2. The dynamotor D was placed in the circuit to
keep the oscillator tube weakly excited when the audio-supply voltage
was zero on the plate of the oscillator. PP' is a high inductance
choke, and the pulsating fluctuations in potential across it are im-
pressed on the oscillator. The constant current choke shown served
to deflect power from the speech frequency generators, or exciters,
to the oscillators.
Suppose a sinusoidal e.m.f. is impressed on the grids of the exciter
tubes. This results in an e.m.f. of the same form being impressed
on the oscillators, and a high frequency output current as shown in
Fig. 3. The dotted curve OBD represents the wave of e.m.f. im-
pressed on the oscillator tubes and is not quite symmetrical above
and below the axis OE due to the direct-current potential of the
dynamotor, represented by the horizontal dotted line H. There is
considerable "smoothing-out" action in the circuits, and as a result
the envelope of the high frequency currents will in all probability
take the form shown by the curves ABFH above and A'B'H' below
the axis. MN represents' a silent period.
The upper envelope is not sinusoidal in form, and if the current
in the telephone receiver is to be sinusoidal it must be due to the
detector action. Figure 3b shows a portion of this envelope redrawn,
accompanied by a characteristic curve of a typical detector tube.
If the grid bias potential were held at A, KK' would represent the
high frequency plate currents and CEG the average telephone
current, which is nearly sinusoidal. Of course the detector may follow
the "square law" in the region of A, which would give a more peaked
plate current, and in the region of C it may obey a "square-root law."
With the grid condenser and leak the results are problematical, but
in the tests carried out, using both, reception was perfect with this
type of transmission. Investigation shows that clearness of articula-
tion in speech or quality of sound in music depends mostly on the
faithful reproduction of the higher harmonic frequencies. Hence
speech and music should be faithfully reproduced even though the
negative loops of the sound waves were cut off in the transmitter
or receiver. To prove that this is a fact, telephone voice currents
were transmitted through a crystal rectifier and it was found that
speech reproduction was perfect. The rectification was checked by
means of oscillograph observation. It has been shown that the average
Io R
power during sinusoidal excitation was 2 ; that is, the power will
4
be only one-half as much as for a carrier wave of amplitude Io =v/2 I.
HIeising has shown that for such a carrier wave and 100 per cent
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modulation the power is 3/2 1s Ro. Comparing these two values it
is seen that the power required to produce the same result in the
detector circuit is only one-third as much for the non-carrier trans-
mission with half of the exciting e.m.f. wave as it would be for the
conventional 100 per cent modulated sinusoidal carrier wave. As the
power varies as the square of the current, to produce the same result
0.578 (v/0.333) as much antenna current would be needed in the
non-carrier transmission as in the modulated carrier system.
It is possible to reduce the power output to one-sixth of the con-
ventional carrier value by filtering out one of the components, say
the cos (- p)t band, just as in the case of the suppressed carrier
system;* but this was not done in the present investigation. It is
assumed that if this is done a beat receiver would be required to give
intelligible reception by beating the -P frequency with that of the2
oscillating detector - obtaining P in the plate circuit. This is
27r 27-
done in the suppressed carrier system. It may be possible, however,
to receive the side band without a beating carrier, since the modulat-
ing envelope may be considerably changed in form by altering circuit
conditions. Quantitative comparison tests to prove the one-third
relation were made and will be described later.
One difficulty encountered was the low power output of the oscil-
lator tube, probably resulting from the fact that most of the energy
of a voice wave is in the lower harmonic frequencies. Harmonics
of an even order may produce an unsymmetrical wave. If one-half
of such a wave is cut off considerable energy may be taken out of
the transmitted wave. The maximum output of two 50-watt oscillator
tubes was in the neighborhood of 20 per cent of their rating during
the emission of the vowel sound "ah" at the microphone. The two
curves of Fig. 4a show the variation of the microphone current and
the rectified current in the output circuit during a series of whistles.
Fig. 4b shows variations of rectified antenna current during normal
speech. Oscillograph observation showed the potentials across the
choke to be partially alternating, with a negative amplitude nearly as
great as the positive. It was necessary to make the d-c. voltage of
D 35 to 45 per cent of the positive amplitude to overcome the effect
of negative charging potentials on the oscillator tubes and to keep them
excited. This is a disadvantage, and tests are described later in which
all or part of this d-c. excitation was eliminated.
After preliminary tests were made, the authors' attention was
* Hartley, Proc. I. R. E., Vol. 11, No. 1.
FIG. 4. RECTIFIED ANTENNA CURRENT OSCIuLOGRAIMS
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called to some experiments which were made by Captain Eckersleyt
of the British Army on quiescent aerial transmission from aeroplanes
in connection with simultaneous radiophone communication. The
purpose was to devise a transmitter which would function only
during speech and would not radiate when the operator was listen-
ing to the reply. In these experiments a set-up was tried which
used a power amplifier tube with a transformer in the plate circuit,
supplying power at speech frequencies to a vacuum tube oscillator.
The results were unsatisfactory unless a d-c. potential was added in
the plate circuit to maintain the tubes in an excited condition. The
experiments were tried with low power tubes only.
5. Comparison Tests.-While the laboratory tests were of great
value they could not be regarded as sufficient in themselves, so special
apparatus was arranged for actual transmission over a considerable
distance. The broadcasting station operated by the University of
Illinois was utilized for the tests. The special set-up used is shown
in Fig. 5, and is arranged so that either constant current modulation
FIG. 5. EXPERIMENTAL BROADCASTING CONNECTIONS
This shows a special laboratory circuit for comparison tests. By means of
switching as indicated, constant current modulated and suppressed carrier trans-
mission were compared.
or non-carrier transmission can be employed, as desired, by a simple
switch movement. The transformer shown in the figure was specially
designed for audio-frequency with a one-to-one ratio and with center
taps in each winding. The oscillators could be excited from the
secondary of the transformer which acted as an output transformer
in the plate circuits of the exciter tubes. The switches could also
t Jour. Inst. Elec. Engrs., Vol. 58, pp. 557-565.
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be arranged so that excitation was accomplished with the choke as
in PP', Fig. 2. During the broadcasting of musical programs the
system of transmission was changed from time to time. Listeners
at various points reported that the non-carrier transmission was
excellent, and that it was not possible to detect any difference in quality
between the two systems. It was found that the use of the transformer
gave a somewhat stronger excitation of the oscillator tubes than
that obtained with the exciting choke. When non-carrier transmis-
sion was used, there seemed to be a marked increase in sharpness of
tuning of the receiver, and local receiving stations had no difficulty
in tuning out the local transmission and tuning in distant stations
which could not be picked up when the constant current system
was in use. Another advantage would be the ease with which com-
munication in both directions could be carried on, as with long
distance telephones. When the conventional carrier wave is used
the local receiver is paralyzed and rendered insensitive to distant
signals, and the operator must cut off the receiver or provide a
"barrage" receiver with two antennae. In the case of non-carrier
transmission the receiving apparatus is not affected strongly until
actual speech takes place, and then only intermittently.
IV. THE UNIDIRECTIONAL SYSTEM
6. Theory and Explanation.-As was previously mentioned, it
was necessary to supply a d-c. potential in the plate circuit of the
control oscillator to keep the plates positively charged during the
reversal of supply voltage and to keep the tube weakly excited so
that starting transient effects would be eliminated. It occurred to
the authors that it wouild be possible to utilize the variable IR drop
across a resistance in the plate circuit of a power speech amplifier
tube to excite an oscillator, this drop being very low during intervals
of silence and rising to a high value during sound at the microphone.
The schematic circuit is shown in Fig. 6a. The grid bias E, main-
tains the plate current in the generator tube G normally at a low value
and the controlled oscillator tube is weakly excited. When sound
occurs at the microphone the plate current rises and a large portion
of the increase actually passes through the oscillator tube CO and
its high frequency output increases accordingly. Assuming that a
sine e.m.f. is impressed on the grid of G and that the potential starts
at instant ta, the plate current will vary as shown by curve ABC,
Fig. 6b. This curve will also represent the fluctuation of voltage
on the plate of the oscillator, and ABCA'B'C' will represent the
envelope of the varying amplitude of the high frequency currents.
This output may be impressed on either a power amplifier or an
NON-CARRIER RADIO TELEPHONE TRANSMISSION
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FIG. 6. ELEMENTARY FORM OF UNIDIRECTIONAL SYSTEM
antenna. The same one-third power relation should hold for this
case as for the elementary case already discussed, neglecting the
low value steady output during silence. This method should have
a distinct advantage over the exciting half-wave system in that the
energy in one-half of a wave containing an even harmonic would
not be taken out. It may seem to be an advantage to replace the
resistance R of Fig. 6a by a high inductance choke and thus eliminate
part of the power. lost in this resistance. Oscillograph observation
showed that the use of a choke impressed a high alternating com-
ponent of impressed voltage on tube CO, and hence it was necessary
to add a d-c. voltage or additional series resistance to overcome the
effect. The resistance R has an optimum value and, therefore, for
best results was made variable. It should be .noted that the use of
the circuit of Fig. 6a and the exciting resistance R results in a uni-
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directional pulsating power supply to the controlled oscillator CO;
hence the name "unidirectional system" was given to this circuit.
7. Comparison Tests.-This system gave considerable promise and
more elaborate apparatus was arranged to obtain comparative data
and for broadcasting tests. The arrangement of the apparatus is
shown in Fig. 7. By changing the switches transmission could be
Power Amvp1e/r--RA
FIG. 7. UNIDIRECTIONAL APPARATUS CONNECTIONS FOR EXPERIMENTAL
BROADCASTING
accomplished either by the non-carrier system or by the conventional
constant current modulated carrier wave system. For non-carrier
transmission the tube CO excited the power amplifier PA, which is
so arranged that it is supplied with the same plate voltage as is used
for the generator tubes G. The following tube capacities were used:
Generator ............................ . . .. one 250-watt tube
Control Oscillator ..................... ..... one 50-watt tube
Power Amplifier ........................... .one 250-watt tube
The generator was excited by a two-stage power amplifier consisting
of a 5-watt and a 50-watt tube. A variable modulating potential
furnished by a 1000-cycle vacuum tube oscillator was applied to the
grid of the 5-watt speech amplifier tube and readings of meters in
all the circuits were obtained. The modulating potential was measured
NON-CARRIER RADIO TELEPHONE TRANSMISSION
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by reading the current through a high resistance connected across
the 1000-cycle e.m.f. by means of a thermo-milliammeter. The per-
formance curves are shown in Fig. 8. It should be especially noted
that the relation between the modulating potential and output current
of the power amplifier is nearly linear, which must be expected if
intelligible speech is to be transmitted. The dotted curve shows what
has been obtained for the constant-current system in former tests.
(For this latter curve percentage modulation must be plotted as the
ordinate instead of antenna current.) Another test was made upon
the comparative effectiveness of the two methods of transmission. A
receiving set comprising a one-stage radio frequency amplifier, a
detector, and a two-stage audio-frequency amplifier was connected
to a small loop antenna and placed about one mile from the trans-
mitting antenna so that the effect of the induction field was negligible.
The set was tuned to resonance by means of a variable condenser con-
nected across the receiving loop. The transmitter was again caused
to function from the 1000-cycle modulating potential and compar-
ative audibilities and receiving loop currents were obtained for
constant-current modulation and for non-carrier transmission, using
the unidirectional system. A step-down transformer was connected
in place of the telephone receivers in the output circuit of the second
stage of the audio-amplifier and a sensitive thermocouple was con-
nected to the secondary (low potential). The readings were obtained
on a sensitive single-pivot milliammeter connected to its junction. This
meter bad a proportional scale; hence its deflections were propor-
tional to the square of the currents in the plate circuit of the detector
and amplifier tubes, and also to the audibility obtained if telephone
receivers were used. Owing to the square law relation in the detector
the readings were proportional to the fourth power of the currents in
the loop antenna. The set was carefully tuned to resonance for both
kinds of transmission and readings were taken. The results are
shown in Table 1. The theoretical one-third antenna power relation
was found to hold fairly well showing a considerable saving of
antenna power for the non-carrier transmission. The total inputs did
not differ so much because of the rather low efficiency power amplifier
used in one case and the high efficiency power oscillator in the other.
The efficiency of the power amplifier can be improved 100 per
cent by redesigning the circuits and providing an adjustable grid
bias. The nomenclature for the various currents referred to in Table
1 is shown on the circuit diagram of Fig. 7. MRC is the maximum
received current in the receiving loop and Em the modulating poten-
tials. It will be noted that while this current is 5 or 6 per cent
greater in the case of constant current transmission, the antenna
power is three times as great; the theoretical value is three times.
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Figure 9 shows resonance curves obtained with the loop receiver
one mile distant for each kind of transmission. The apparent in-
creased sharpness of tuning for the case of the non-carrier trans-
mission was remarkable. Since the frequency bands are theoretically
the same for each kind of transmission the increased selectivity for
the case of the non-carrier must be due to the absence of unmodulated
current in the loop.
Listening tests on the character of modulation were obtained by
the authors at a distance of 90 miles from the transmitter during the
broadcasting of musical programs, and the quality of reception
seemed perfect. The inherent noise or static in the conventional
carrier wave was not noticeable when the non-carrier wave was
used. Here again the comparative audibilities on continuous tone
tests seemed to be about the same when the antenna power for
non-carrier transmission was one-third of that for constant current
modulation. Listeners at many distant points, some over 900 miles
away, reported excellent reception.
V. SPEECH CONTROLLED POWER SUPPLY
8. Explanation.-Another method which is undergoing develop-
ment in the laboratory at the present time consists in generating
a d-c. power supply to excite a constant current modulated transmitter.
FIG. 10. ELEMENTARY SPEECH CONTROLLED POWER SUPPLY SYSTEM
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The apparatus is connected as shown in Fig. 10. R is a vacuum
tube double-wave rectifier in the secondary of the power speech
transformer which has a two-to-one ratio. When sound occurs at
the microphone a smoothed out d-c. voltage is generated with the aid
of the filter F, and the master oscillator functions while being modul-
ated by means of the modulator tubes M and microphonic action. It
is found necessary to provide a low d-c. potential with the aid of the
battery in the plate circuit supply so as to keep the oscillators weakly
excited. Fair results have been obtained in the laboratory but de-
velopment has not gone far enough to permit comparison of this
system with the half-wave or the unidirectional system.
VI. SUMMARY AND CONCLUSIONS
9. Summary.-The results of the experimental work are very
encouraging and show conclusively that the non-carrier method of
radio telephone transmission for use with ordinary receiving methods
gives great promise for the future. Reviewing briefly the results
obtained with the exciting half-wave system and the unidirectional
system, it was found that the former gave excellent quality of recep-
tion with very little trouble in adjustments when the potential of
the dynamotor (see Fig. 5) was properly adjusted, while adjustments
had to be made more carefully in the case of the latter. The unidirec-
tional system, however, seems more practical from the standpoint of
economy and efficiency. Comparing the unidirectional system of
non-carrier radiophone transmission with the conventional constant
current modulated carrier wave transmission, laboratory tests and
distant listening tests show that the former system effects a saving
of from one-half to two-thirds of the antenna power and probably
five-sixths if one side band were cut off. In its present state of de-
velopment the non-carrier system using two 250-watt tubes and one
50-watt tube gave about the same result in the receiver as the con-
stant current system using five 250-watt tubes, exclusive of the
speech amplifier. However, this saving in power is not the only
outstanding advantage of the non-carrier system. The additional
advantages are:
(a) A minimum of interference between stations
(b) Reduced volume of strays or static
(c) Economical simultaneous communication
(d) More efficient detector action due to absence of usual
initial decrease in plate current caused by a carrier.
The system last discussed, speech frequency variation of d-c. supply,
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gives promise of good results but is still in the process of development.
The apparatus as developed is capable of improvement, and it is
believed that more intensive development will increase the feasibility
of non-carrier radio telephone transmission from the standpoint of
economy and simplicity.
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